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Abstract 

Purpose Life cycle assessment (LCA) is a tool that can be 
utilized to holistically evaluate novel trends in the construc¬ 
tion industry and the associated environmental impacts. 
Green labels are awarded by several organizations based 
on single or multiple attributes. The use of multi-criteria 
labels is a good start to the labeling process as opposed to 
single criteria labels that ignore a majority of impacts from 
products. Life cycle thinking, in theory, has the potential to 
improve the environmental impacts of labeling systems. 
However, LCA databases currently are lacking in detailed 
information about products or sometimes provide 
conflicting information. 

Method This study compares generic and green-labeled car¬ 
pets, paints, and linoleum flooring using the Building for 
Environmental and Economic Sustainability (BEES) LCA 
database. The results from these comparisons are not intui¬ 
tive and are contradictory in several impact categories with 
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respect to the greenness of the product. Other data sources 
such as environmental product declarations and ecoinvent 
are also compared with the BEES data to compare the 
results and display the disparity in the databases. 

Results This study shows that partial LCAs focused on the 
production and transportation phase help in identifying 
improvements in the product itself and improving the man¬ 
ufacturing process but the results are uncertain and depen¬ 
dent upon the source or database. Inconsistencies in the data 
and missing categories add to the ambiguity in LCA results. 
Conclusions While life cycle thinking in concept can im¬ 
prove the green labeling systems available, LCA data is 
lacking. Therefore, LCA data and tools need to improve to 
support and enable market trends. 

Keywords Building products • Energy • Environmental 
impacts • Green labels • Life cycle assessment • Residential 
model 


1 Introduction 

Homeowners are key players in the residential building 
sector as they engage in a greater role in the decision making 
process regarding the location of project, type of construc¬ 
tion, selection of building products, and in the ultimate use 
of their homes (Martin et al. 2007). Adoption of emerging 
and novel products is higher among single family custom 
home builders, multifamily builders, and national and re¬ 
gional builders when compared with other industries such as 
commercial builders (Koebel et al. 2004). A number of 
consumers care about the environmental and social impacts 
of the products they purchase and would prefer to buy green 
(McGraw-Hill 2010). But when it comes to actually select¬ 
ing green products, consumers are uninformed about the 
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products available and often question the reliability and 
quality over their traditional counterparts. Additionally, con¬ 
sumers are increasingly suspicious about the environmental 
claims of the manufacturer (Bonini and Oppenheim 2008). 

While the green building materials industry has flour¬ 
ished, the labeling of green materials is disparate, confusing, 
and complex. Many certification programs are available for 
various products used in buildings such as Green Seal, 
Energy Star, the Carpet, and Rug Institute green label, Blue 
Angel, and many others (CRI 2010; EPA and DOE 2009; 
GreenSeal 2008; RAL gGmbH 2010). Many labels, such as 
flammable and toxic, are often based on single criteria and 
may be required by law for a product (James 1997). Mar¬ 
keting schemes often involve product information with ge¬ 
neric claims of environmentally safe, recyclable, and 
biodegradable (Howett 1991). 

Green labels are available for a variety of products used 
in buildings. The products evaluated for this research were 
carpets, paints, and linoleum flooring. Homeowners are 
most concerned with the indoor environmental quality of 
their residences; carpets, paints, and linoleum flooring are 
target products for improving air quality in homes. The three 
different products listed have varied labeling systems, 
though the emissions testing method for some labels might 
be the same with separate requirements for achieving the 
respective label. 

Most labels are voluntary, third-party certifications, 
which mean they require an impartial organization to review 
the products that willingly choose their label. Some labels 
establish minimum content or emissions requirement for 
certain compounds like VOCs, formaldehyde, and other 
harmful items used either in manufacturing of the product 
or in some cases emitted when the product is in use. Some 
green labeling organizations like the National Sanitation 
Foundation (NSF) have various levels of labeling such as 
platinum, gold, and silver with platinum being the highest 
level a building product manufacturer can obtain and pro¬ 
vide labels based on several criteria (NSF 2010). Table 1 
provides a summary of the various labels available for 
carpets, paints, and linoleum flooring. 

Given the confusing labeling systems, we investigated 
the potential use of life cycle assessment (LCA) to guide 
the development of green building product labels. A 
major criterion of this analysis is using current, off-the- 
shelf LCA data tools. We believe using current data and 
tools is important as we are at a critical point in the 
relationship between green building products (and label¬ 
ing) and LCA. Basically, the green building market is 
growing (Construction 2010), and it is important to un¬ 
derstand if LCA is leading or following the market. 

LCA is a tool used to assess the environmental impacts of 
any product, process, or service. It is a cradle to grave tool 
that is can be used to evaluate complex systems such as 


buildings. Based on the International Organization for Stan¬ 
dardization (ISO) 14040 series, LCA has four steps: (1) goal 
and scope identification, (2) life cycle inventory (LCI), (3) 
life cycle impact assessment (LCIA), and (4) interpretation 
(ISO 2006). Inventory data are collected from various data¬ 
bases and sources reflecting inputs to the system and outputs 
such as emissions. These inventory items are expressed as 
environmental impacts during the LCIA phase. The final 
step is to analyze the results and select the preferred product 
or process based on the generated results. 

Tools such as LCA may help in overcoming some of the 
problems that might be created due to the increased con¬ 
struction activities of buildings. Buildings provide an op¬ 
portunity for reducing greenhouse gases. Of the total 
building stock of 300 billion ft 2 , annually, 1.75 billion ft 2 
is demolished and 5 billion ft is renovated, and another 5 
billion is newly constructed (Architecture 2030 2009). Pre¬ 
vious LCA studies on buildings have focused on data avail¬ 
able from existing projects (Guggemos and Horvath 2003; 
Junnila et al. 2006; Keoleian et al. 2000). Though these 
studies have shown which phases of the life cycle are energy 
intensive, they sometimes neglect the importance of other 
phases such as construction that are equally important (Bilec 
et al. 2006; Sharrard et al. 2008). The results from the 
aforementioned studies cannot be replicated in residences 
in a diverse geographic location with varied square footage 
and construction methods and using different materials. The 
studies are too case specific or focus on just one phase of the 
life cycle, leading to different results every time a study is 
conducted because each LCA uses a different method for 
assessing the environmental impacts of the structure. There 
is some consensus among reported building LCAs: the use 
phase is consistently the most energy intensive phase. As 
energy performance of buildings continues to improve, es¬ 
pecially in the context of net-zero energy buildings, the 
energy, and environmental impact other building phases 
(e.g., materials) will have increasing importance. 

One LCA means for selecting and evaluating products is 
the Building for Environmental and Economic Sustainabil¬ 
ity (BEES) tool created by National Institute of Standards 
and Technology (Lippiatt and Boyles 2001). BEES has a 
database of 280 building products to assist in selecting cost- 
effective and potentially green products. The tool is primar¬ 
ily useful for evaluating products during the manufacturing 
phase and has limited information in other phases such as 
installation, use, and maintenance. 

Adopting an LCA-based approach for labeling of green 
products has the potential to boost the confidence of con¬ 
sumers, ultimately leading to increased use of green prod¬ 
ucts in residential buildings. In general, LCA is often 
accepted as a method, but data availability is lacking. The 
presence of a variety of databases with different assump¬ 
tions, boundaries, and location specific data leads to 
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Table 1 List of green labels and standards available for carpets, paints, and linoleum flooring 
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confusion about selection of appropriate data. The results of 
different LCA studies with diverse boundaries and assump¬ 
tions lead to inconsistent results, causing doubts in the 
minds of the consumer about the authenticity of the prod¬ 
ucts’ green claims. We examined: labels, LCA method, and 
current databases. Further, we investigated if by using LCA 
we could elucidate whether a product labeled “green” 
exhibited improved life cycle environmental performance 
when compared with its traditional counterpart. 

For this research, we used a previously developed life 
cycle template for residential structures (Rajagopalan et al. 
2010) and analyzed life cycle results for generic and green- 
labeled building products of carpets, paint, and linoleum 
flooring to determine how effective LCA is in evaluating 
the products. Further, LCIs for the products were developed 
from different databases in order to evaluate the effect of 
different data sources on the resulting greenness of the 
products (e.g., ecoinvent (Frischknecht 2005) and environ¬ 
mental product declarations). 

2 Method 

This study used publicly available databases to analyze 
various products and compare their LCA results. Products 

<"S 

were compared gate to gate on 1 -ft bases and also as 
integrated into a building assessment. “Publicly available” 
is defined herein as tools that can be easily downloaded or 
installed without a fee. Generic and green-labeled products 
were selected from BEES and comparative LCAs were 
performed to analyze if the products were deemed green or 
not. The method used by the authors is given below with a 
detailed description. 

We used the green product-labeling grid developed by the 
Green Building Alliance (GBA) as a key to identify labels and 
corresponding products (GBA 2011). The green product¬ 
labeling grid lists many labels and certifications available for 
building products. Selection of products under consideration 
were based on several factors: (1) robustness of labeling 
system (e.g., multi- or single attribute, number of registered 
products), (2) current LCA data for a given green and tradi¬ 
tional product, and (3) relevance to residential market place. 
For example, carpets have two or more labels available: Green 
Label/Green Label Plus and NSF-140 for carpets. Green La- 
beFGreen Label Plus focuses only on a single attribute (indoor 
environmental quality) for awarding labels to the products 
while NSF-140 is a multi-attribute standard. The main focus 
of single-attribute labels for carpets is indoor environmental 
quality while the multi-attribute standard follows LCA prin¬ 
ciples in its labeling process. The LCA data availability for 
carpets lead to the selection of BEES database. Based on these 
factors, the products were selected for analysis and shown in 
Table 2, column 1. 


To evaluate the greenness of the product with LCA, data 
for 1 ft of the building product was obtained from the LCA 
database, BEES, a collection of product data obtained di¬ 
rectly from manufacturers. Some manufacturers obtain 
green labels for their products and share their green- 
labeled product data. Such green-labeled products were 
compared with generic products available in BEES. When 
green-labeled products manufactured by renowned manu¬ 
facturers was not available, green products were selected on 
the basis of recycled content in the product based on the 
assumption that products with recycled content utilize less 
virgin materials and are generally considered green. This 
method for analysis for products without associated green 
labels has certain drawbacks. The products have not gone 
through a rigorous labeling process and their comparison 
with other products is on the basis of a single attribute that 
an associated green label might consider. Due to lack of 
availability of appropriate data, the products without any 
green labels associated with them were used as a proxy. 

Building products were also evaluated in a home and to 
compare them on a whole home level in addition to the 
product level to determine the relative LCA impacts. A 
previous study by the authors had compared homes made 
of different building products and materials. Rajagopalan et 
al. (2010) conducted an LCA case study comparing wall 
sections made of different materials. A comparative LCA 
was performed on a 2,450-ft home constructed from a 
building product called insulating concrete forms and a 
traditional wood home. The residential life cycle study 
was divided into five phases: raw materials extraction and 
manufacturing, transportation, construction, use, and end 
of life of home. Gate to gate LCAs on 1 ft 2 of carpets, 
paints, and linoleum flooring was converted to 2,450-ft 
home LCAs by calculating the product impacts on a 2,450 
two-storey home and adding the whole home impacts cal¬ 
culated by Rajagopalan et al. (2010) to the product impacts. 

Finally, results were compared with other data sour¬ 
ces of Interface Environmental Product Declarations 
(EPD) (TheGreenStandard.com 2010) and ecoinvent 
(Frischknecht 2005) to evaluate how the green-labeled 
products weighed against products from other data sour¬ 
ces. The products selected for comparison are discussed 
below in detail, and Table 1 shows the products and 
databases utilized to construct LCIs. 

2.1 Building product description 

2.1.1 Carpets 

BEES data was utilized to develop the LCA for generic and 
green carpet tiles. The carpet tile products selected were an 
anonymous carpet tile (environmental code C3020S), Bent¬ 
ley Prince Street’s BPS UPC carpet tile (environmental code 
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C3020VV), C&A ER3 modular tile (environmental code 
C3020X), and C&A Ethos modular tile (environmental code 
C3020Z). These aforementioned products referred to as 
“generic” for anonymous carpet tile and “green” carpet tile 
respectively for the other three carpet products were com- 
pared for their environmental performance based on 1 ft of 
material. The boundary for the “green” BPS UPC carpet tile 
inventory included the manufacturing phase, transportation 
of materials from manufacturing plant to construction site, 
use of carpet tile with a lifetime of 15 years and replaced 
three times over a 50-year use period of a home, and the end 
of life with almost 12.5 % of old carpet tiles reclaimed. 
BEES did not provide information for the anonymous “ge¬ 
neric” carpet tile with respect to system boundary, data, and 
the life cycle phases included. All the products manufac¬ 
tured by BPS are certified to meet the Carpet and Rug 
Institute's Green Label Plus and all products also achieve 
the NSF-140 Sustainable Carpet Assessment Standard at the 
Platinum level according to the BPS website (BPS 2012). 

The boundary for the “green” C&A ER3 and Ethos mod¬ 
ular tiles inventory included the manufacturing, transportation 
of materials from manufacturing plant, use of carpet with a 
lifetime of 15 years and end of life with 100 % recyclable in 
the company's in-house recycling process. The products man¬ 
ufactured by the manufacturer are certified with Green Label 
Plus and the products also achieve the NSF-140 Sustainable 
Carpet Standard (Tandus 2011). 

For comparing BEES data with other sources, EPD for 
Interface carpets was used (TheGreenStandard.com 2010). 
All products manufactured by the company obtain the Green 
Label/Green Label Plus and NSF-140 labels (Interface 
2012). The Interface EPD uses a life cycle approach to 
analyze 1 m of carpet. The EPD LCIA results were ana¬ 
lyzed using TRACI (Bare et al. 2003) and CML 2002 
environmental impact methods (CML 2012). 

2.1.2 Paints 

The LCI for the paint products were obtained from BEES 
and evaluated on a functional unit of 1 ft of paint used for 
interior walls. The paint products compared were generic 
virgin latex paint (environmental code C3012A), generic 
consolidated latex paint (C3012B), and generic reprocessed 
latex paint (C3012C). The first product, generic virgin latex 
paint, is made with virgin materials while the rest have 
recycled and post-consumer inputs in their manufacturing 
processes. The products are referred to as generic, green 
reprocessed (76 % post-consumer (PC)) and green consoli¬ 
dated (99 % PC) latex paint. The LCI phases included were 
raw materials extraction, manufacturing, transportation, and 
use phase. For the end of life, the paint was disposed in a 
landfill along with the surface it was painted on. During the 
use phase, the assumption of repainting every 4 years was 


made thus leading to 12 additional coats for a lifetime of 
50 years of a home. 

The generic virgin latex paint was compared with paint 
product from ecoinvent (Frischknecht 2005). The paint 
product selected for comparison was alkyl paint with 60 % 
water. Due to unavailability of data for a direct water-based 
paint comparison, the available data from ecoinvent was 
used. The LCIA results using TRACI for alkyl paint was 
compared with the generic virgin latex paint. 

2.1.3 Linoleum flooring 

Product level assessments of linoleum flooring were con¬ 
ducted using the linoleum flooring options available in 
BEES. The products compared were generic linoleum floor¬ 
ing (environmental code C3020B) and Forbo linoleum 
flooring (environmental code C3020R). Forbo linoleum 
flooring has the SMART certification (MTS 2010). The 
phases included in the LCA of 1 ft of flooring were raw 
materials extraction, manufacturing, and transportation, and 
use phase of 30 years. For the end of life, it was assumed 
that linoleum was transferred to a landfill. 

Three products with a variety of labels and data sources 
are discussed in the Section 2. Table 2 provides a list of all 
the products, green labels, and data sources discussed in 
the paper. 

3 Results 

For all products evaluated, the LCA results are normalized 
to the maximum contributor in each impact category 
(Figs. 1, 2 and 3). The comparative results of generic and 
green carpet tiles show that the green carpet tile is environ¬ 
mentally preferable than the generic carpet tile in all impact 
categories except eutrophication, fossil fuel depletion, water 
intake, and human health (see Fig. 1). All carpet tiles have 
similar impact in the indoor air quality category; this is 
surprising given that indoor air quality, here measured as 
VOC emissions, is a significant attribute of a green carpet. 
The BEES database does not provide information on the 
generic carpet tile but the Bentley Prince Street carpet man¬ 
ufacturers and the C&A carpet manufacturers supplied data 
for the green carpet tile. 

We analyzed the fossil fuel depletion and global warm¬ 
ing profiles of the carpets in detail. Generally, the fossil 
fuel depletion profiles of products are expected to parallel 
global warming. But these results are contradictory to this 
premise. The inventory obtained shows that the BPS UPC 
green carpet tile has higher total fossil fuel depletion 
(11.2 MJ) when compared with the generic carpet tile 
(7.01 MJ). But the carbon dioxide (C0 2 ) emissions from 
fossil fuel depletion do not follow this trend. The BPS 
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Fig. 1 Comparative 
normalized environmental 
impacts of generic and green 
carpet tiles using BEES. Data 
obtained from BEES are for 1- 
ft functional unit and no mod¬ 
ifications have been made to the 
data presented here 
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UPC green carpet tile has slightly lower fossil C0 2 emis¬ 
sions (4.3 kg) as opposed to the generic carpet tile 
(5.3 kg). The C&A green carpet tiles have lower fossil 
fuel depletion and low global warming potential as 
expected. According to the BEES manual, fuel extraction 
process is not included in the fossil fuel depletion cate¬ 
gory but it is captured in the global warming category and 
the fossil fuel depletion category only represents the 
quantity of fuel extracted while the characterization fac¬ 
tors remain constant for the fuel. Based on this informa¬ 
tion, the fossil fuel depletion for the generic carpet tiles is 
lower because it uses larger quantities of coal whose 
characterization factors is lower (0.25 MJ/kg) and the 
BPS UPC green carpet tile uses higher quantities of 


natural gas and oil whose characterization factors are 
higher (7.8 and 6.12 MJ/kg). 

Other inconsistencies in results occur in the water intake 
category where green carpet tiles have higher impacts than 
the generic carpet tiles. This impact category is not char¬ 
acterized through the TRACI impact assessment method 
but represents direct inventory water use. The inventory 
shows that the BPS UPC green carpet tile uses approxi¬ 
mately 40 times more water and the C&A green carpet tiles 
use five times more water than the generic carpet tile. No 
justification is provided in the BEES LCI about the data 
presented. 

The BEES weighting system did not have a significant 
impact on the results. To understand the effects of weighting 


Fig. 2 Comparative 
normalized environmental 
impacts of generic and green 
post-consumer (PC) latex paint 
using BEES. Data obtained 
from BEES are for 1 -ft 2 func¬ 
tional unit and no modifications 
have been made to the data 
presented here 
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Fig. 3 Comparative 
normalized environmental 
impacts of generic and green 
linoleum flooring using BEES. 
Data obtained from BEES are 
for 1 -ft functional unit and no 
modifications have been made 
to the data presented here 
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on results was conducted by changing the BEES weighting 
system to an equal weighting system (with all categories 
equal to one), EPA scientific advisory board weighting, and 
a user defined weighting to analyze the difference in results. 
The results changed less than one percent in each category 
when the weighting system was changed from BEES stake¬ 
holder panel to EPA scientific advisory board weighting and 
no change was observed when the user defined weighting 
system was used. 

For paints, the normalized environmental impacts (see 
Fig. 2) of generic latex paint are higher than the other 
two products when 1 ft of wall paint is the functional 
unit in all impact categories except global warming 
where green latex paint with 76 % PC materials has the 
highest impact. The green latex paint might be perceived 
to have lower impacts especially in global warming but 
the results show otherwise. This disparity is caused by 
the manufacturing process for the green paint with PC 
products which is different from the paint made with 
virgin materials. The perception that paint with 99 % 
PC materials will have lower impacts than paint with 
lower percent of PC materials is inconsistent with respect 
to global warming. The counterintuitive results for paints 
in the fossil fuel depletion and global warming categories 
are consistent with the carpet tiles results. Here again, 
changing the weighting does not change the results 
significantly. 

In the case of linoleum flooring, green linoleum flooring 
performs better in all categories except human health cancer 
(see Fig. 3). Notably, there is an insignificant difference 
between green and generic linoleum flooring in smog and 
water intake categories. The counterintuitive trends seen for 
carpets and paints in the fossil fuel depletion and global 
warming categories are not observed in linoleum flooring. 

Next, we examined the relative importance of green 
products in the overall life cycle of a residential home. For 
carpets, the 1-ft results were scaled up to the total carpet 


area required for a 2,450-ft home and the LCA results of 
carpet tiles were added to the LCA results of a whole home 
using the aforementioned residential life cycle study 
(Rajagopalan et al. 2010). Similarly, for paint and linoleum 
flooring, the functional units were scaled up to a whole home 
and added to the residential life cycle model. The comparisons 
of the carpet tiles assessed from the perspective of a whole 
house shows that the impacts of carpets are overshadowed by 
the use phase of the entire house; as shown in Table 3, the 
GWP of carpets contributes less than one percent to the total 
GWP of the house. Similar impacts are noticed in the smog 
impacts (see Table 3) where the impact of all building prod¬ 
ucts is less than 1 % to the total home smog impacts. Only two 
categories (global warming and smog) are illustrated as rep¬ 
resentative of the entire home impacts. The impacts of floor¬ 
ing are also insignificant when compared to the impacts of the 
entire home. The use phase of an entire home dominates over 
the life cycle of specific products such as carpet tiles, paints, 
and linoleum flooring. 

When the products are compared on an individual basis, 
for example, when generic carpet tile is compared with a 
green carpet tile, the impacts of generic carpet tile are 
higher. But when the impacts are scaled up to the whole 
home, the home impacts are two to five orders of magni¬ 
tude higher than the building product impacts. The results 
are shown in Table 3 where the impacts of the building 
products have negligible impacts in comparison to the 
impacts of the home. 

The BEES database provides only one data point for 
comparing green and non-green products. A comparison of 
results was performed to illustrate the differences in the 
LCA data from other databases. Since a variety of databases 
are used in this study, only acidification, eutrophication, 
global warming, and smog categories could be compared 
across the products as these are the only common categories. 
The results in Fig. 4 are normalized to the highest value 
from a database in the impact category for a product. For 
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Table 3 Comparative life cycle global warming and smog impacts of a various additions and the light-shaded boxes correspond to the smog 

traditional wood home fitted with various building products. The boxes impacts of a home due to building product additions 

shaded dark correspond to the global warming impacts of a home with 


Building 
Product 
Additions to 
an entire 
home 

Life cycle global warmin 

g impacts (kg C0 2 eq.) 

Traditional 
wood home 

Generic 
carpet tile 

Green 

carpet 

tile 

Generic 

linoleum 

flooring 

Green 

linoleum 

flooring 

Generic 

virgin 

latex 

paint 

Generic 

consoled 

-ated 

latex 

paint 

Generic 
reprocessed 
latex paint 

No additions 

810,000 







2,700 

Generic 
carpet tile 


814,200 





2,717 


Green carpet 
tile 



813,500 



2,716 



Generic 

linoleum 

flooring 




810,700 

2,709 




Green 

linoleum 

flooring 




2,708 

810,430 




Generic 
virgin latex 
paint 



2,700 



810,002 



Generic 
consolidated 
latex paint 


2,700 





810,001 


Generic 
reprocessed 
latex paint 

2,700 







810,000 


Generic 
reprocessed 
latex paint 

Generic 
consolidat 
-ed latex 
paint 

Generic 

virgin 

latex 

paint 

Green 

linoleum 

flooring 

Generic 

linoleum 

flooring 

Green 

carpet 

tile 

Generic 

carpet 

tile 

Traditional 
wood home 


Life cycle smog impacts (kg NO x eq.) 


comparing carpet results, Environmental Product Declara¬ 
tions (EPD) by carpet manufacturing companies such as 
Interface was used (TheGreenStandard.com 2010). For 
paint, the comparison was performed using data from other 
databases such as ecoinvent (Frischknecht 2005). The BEES 
data for carpet tiles is provided by Bentley Prince, a sister 
company of Interface Carpets. The data may not be compa¬ 
rable for both products as they are not exactly the same, but 
other data was not available. 

The BEES database and Interface EPD have similar 
results for acidification, eutrophication, and global warming 
categories. But the smog result from Interface is insignifi¬ 
cant when compared with the BEES data for carpet tiles. 
Differences in manufacturing process may lead to higher or 


lower impacts in the categories but both the data points have 
dissimilar results in smog whereas other impact categories 
correlate. 

For paints, the only data available yielded unequal com¬ 
parison. As the analysis shows, the ecoinvent data has 
insignificant impacts in all categories compared. Insufficient 
data prohibits the authors from including additional data 
points for comparisons for both paints and carpets. Rajago- 
palan et al. (2010) have shown how unrelated and isolated 
processes contribute the maximum to a unit process and 
cause ambiguity in the LCA results. An approach where 
every process can be modeled and the whole process dia¬ 
gram of a product can be controlled needs to be built-in to 
every database. 
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Fig. 4 Normalized results for 
impact categories with data 
accessed from separate 
databases for carpets and paints. 
The results are normalized to 
the highest impact value from a 
database of the product 
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4 Discussion 

Life cycle thinking, in theory, has the potential to guide the 
development of green product labeling systems, but current 
state of LCA leads to results that are uncertain and strongly 
dependent upon the source or database. Inconsistencies in 
the data and missing categories add to the ambiguity in LCA 
results. While life cycle thinking in concept can improve 
green labeling systems, LCA data is lacking. For example, 
the products pertaining to this research were selected on the 
basis of labeling systems (e.g., Green Label Plus for carpets, 
a single attribute label) their relevance to the residential 
building sector, and availability of data in the current LCA 
databases. The LCA results had inconsistencies in several 
impact categories such as fossil fuel depletion, global warm¬ 
ing, indoor air quality, and water intake. The green products, 
even though labeled green by single and multi-attribute 
labels and standards, did not always have lower impacts 
than its non-green counterparts. As already shown in 
Table 1, several standards use a life cycle approach but the 
fact remains that the current databases available for LCA do 
not provide a consistent labeling platform. LCA and green 
building design has been successful, especially in Europe, 
where data is collected through EPDs and then made avail¬ 
able to the general public. 

Green products will be used in a building, and when 
compared to the whole life cycle building impacts, many 
of the product impacts are minimal, but are still a part of the 
entire life cycle and should not be discounted. Some of the 
most toxic or human health impacts can occur during the 
manufacturing phase, while the energy use and associated 
greenhouse gases occur during the use phase. Therefore, all 
categories and all phases need to be considered. Product 
level/cradle to gate LCAs are an important part in under¬ 
standing the product as a whole but a move towards systems 
level LCAs for labeling will help in incorporating all aspects 
of the product such as the manufacturing of the product 


itself and its use in a building and its disposal or reuse along 
with other building products. 


5 Conclusions 

LCA data and tools need to improve to parallel or exceed 
market trends. Further, LCAs results vary depending on the 
boundary, database, and functional unit selected, and the 
filtering of the inventories and impact assessment methods 
takes a considerable amount of time, which the average 
homeowner (or designer) typically lacks. Statistical models 
that address the uncertainty associated with data should be 
incorporated into the labeling process. Decision makers are 
concerned with the possible ranges of outcomes for their 
actions (Sugiyama et al. 2005). Including uncertainty into 
the LCI process and into green labels may help in the 
understanding the green claims of a product. Developing 
manufacturer-based LCA tools and databases in parallel 
with green labels may help to improve the consistency of 
labels. The US market, which is primarily the focus of this 
study, can look toward the success of the European market. 

To incorporate LCA-based labeling, more detailed in¬ 
formation about the variety of building products and their 
manufacturing process needs to be documented. Improv¬ 
ing the quality of data will help in reducing uncertainty in 
the labeling system. A move towards ISO 14001 stand¬ 
ards for labeling was studied previously and it was found 
that having an ISO standard instead of an ecolabel does 
not oversimplify the product and provides room for 
changes and alterations in the future, thus using a holistic 
approach (Ball 2002). 

Revamping the entire labeling process is an exercise 
which will lead to a lot of confusion owing to the use of 
labeled products in several buildings. But inclusion of LCA 
in the labeling process, as already discussed, is a good 
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practice. The authors propose the following changes to 

improve the labeling systems for building products: 

• A label should at the least be a multi-attribute label with 
an LCA component in the labeling process. There are 
already some standards which are multi-attribute and the 
authors propose that all green labels adopt the standard 
for their labeling process. 

• The LCA results are an important part of the labeling 
process and they should be accessible to all consumers. 
The system boundaries, databases used, the assumptions 
made to conduct the LCA and an explanation of the 
results should be transparent and accessible according 
to ISO EPD reporting protocol. 

• LCA signage similar to the one proposed in Table 2, 
column 6 will provide information on the pros and cons 
of the product and the consumer can decide on the 
product of their choice based on their preferences. 

• A transparent labeling process will prevent doubts about 
green claims made by the manufacturer and help in 
providing more information to the consumer, the deci¬ 
sion maker in the purchase of green products. 
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